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Northern two-lined salamander (Eurycea bilineata) 
Figure 1. Adult Northern two-lined salamander (E. bislineata)
Photo courtesy of PaHerps
• The application of pesticides in agricultural practices is problematic as 
contamination from runoff and leaching can have adverse effects on other 
species. 
• Atrazine is the second most commonly used herbicide in the United 
States (Beaulieu et al., 2020). 
• Amphibian populations are highly susceptible to impacts from chemical 
contaminants because of biological characteristics. 
• Permeable skin allows for the absorption of chemical contaminants
• Dependency on aquatic environments for certain developmental stages 
in most species (Hayes et al., 2006). 
• Many studies have demonstrated the impacts of pesticide exposure on 
amphibians: 
• Atrazine exposure decreased mass and snout to vent length and 
accelerated time to metamorphosis in long-toed salamanders (Forson 
and Storfer 2006)
• Smaller size at metamorphosis is associated with delays in 
reproductive maturity, decreases in fecundity, and a higher likelihood 
of predation (Hayes et al., 2006). 
• We have a poor understanding of how atrazine impacts a stream-breeding 
species with a long larval stage such as the northern two-lined 
salamander, Eurycea bislineata. 
QUESTIONS and HYPOTHESES
Does atrazine impact the growth, development, and survival of 
northern two-lined salamander larvae? 
Higher levels of atrazine will lead to decreased larval growth and 
development as well as increased mortality. 
DISCUSSION 
Salamander Collection
• We captured individuals by hand and in leaf litter bags from a single 
stream in Selinsgrove, PA.
Experimental Design
• 32 salamanders categorized by size
• Small: 2.24-3.08 cm
• Medium: 3.16-4.32 cm
• Large: 4.53-6.92 cm
• Randomly selected from those size categories to 
give equal number to each treatment; 8 
replicates per treatment
• Initial salamander size (total length) did not 
differ across treatments (F3,28= 0.172; p= 0.914)
• 4 atrazine concentrations of 0, 50, 100, or 200 
µg/L 
• Aquatic eggs and larvae, terrestrial adults
• Lay eggs under rocks in small streams
• Long larval period of 2-3 years 
• Range: Eastern United States to Canada 
• Family Plethodontiae: the lungless Salamanders 
(Hulse et al. 2001; AmphibiaWeb 2020)
Data collection
• We determined mass at the beginning and end of the experiment (day 29) 
• We measured length weekly with photographs processed in ImageJ 
(Rueden et al., 2017)
• We determined initial and final surface area in ImageJ
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Statistical test
• Standardized size measurements per individual (Final-initial/initial) 
• Used one-way ANOVAs to examine whether there was a difference in 
growth between treatments
RESULTS
Salamanders exposed to the highest atrazine concentration (200 µg/L) grew more than 
those in the control (F3,27= 3.253; p= 0.037). The groups exposed to 50 and 100 µg/L 
atrazine were not statistically different from the 200 µg/L group and the control, 50 , 
and 100 µg/L were not statistically different from each other. 
Contrary to our hypotheses, we saw an increase in growth at the highest level of 
atrazine exposure and no difference in mortality across treatments. Interestingly, while 
we found a statistical difference in length between the control and the highest atrazine 
treatment, there was no difference in surface area across treatments. 
Previous studies have found the opposite effects of atrazine on growth. A qualitative 
meta-analysis conducted by Rohr and McCoy (2010) found that size at or near 
metamorphosis was reduced with exposure to atrazine in nearly all studies. Our results 
may contradict previous findings for several reasons. 
First, previous research focuses on species that breed in ponds. Perhaps stream-
breeding species, such as E. bislineata, metabolizes pesticides differently than pond-
breeding species. Second, previous studies focus on species that have relatively short 
larval periods in comparison to E. bislineata. A study of longer duration is needed to 
determine if size at or time to metamorphosis differs in northern two-lined salamander 
larvae exposed to atrazine. 
In nature, ecosystems may be exposed to mixtures of contaminants. Although multiple 
contaminates have greater synergistic effects, understanding the impacts of one 
contaminant across a range of species allows for a better understanding of the effects of 
herbicides on overall stream health (Hayes et al. 2006). Further studies, therefore, need 
to be conducted to better understand the impacts of atrazine on the northern two-lined 
salamander. 
Figure 2. Artificial basin set up 
Figure 3. Image of larval salamander on 
0.5x0.5 cm scale to be processed in ImageJ
Figure 4. Average larval surface area (cm2 ; ± 95% CI) in each treatment (control, 50, 
100, 200 µg/L). Surface area did not differ across treatments (F3,27= 2.179; p= 0.114). 
Figure 5. Growth (total length (cm) ±
CI) of salamanders in each treatment 
(control, 50, 100, 200 µg/L).  
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